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Vitamin D (5), glucocorticoids (18) , cholic acid (41) , and postpartum state (25) have been shown to stimulate ASBT.
Inflammatory bowel disease (IBD, e.g., Crohn's disease) is characterized by chronic intestinal inflammation. The most common morbidities of IBD are malnutrition, weight loss, and diarrhea (13, 34, 51) . These are the result of the inhibition of nutrient, electrolyte, and water absorption in the IBD intestine. Immune-inflammatory mediators are elevated in the chronically inflamed intestinal mucosa, which has been shown to affect electrolyte and nutrient transport pathways in patients as well as in animal models of IBD or Crohn's disease (3, 29, 35) .
In a rabbit model of chronic ileal inflammation, it has been shown that Na-nutrient cotransport is inhibited by a several mechanisms. Na-glucose cotransport (SGLT1) is inhibited by a decrease in the number of cotransporters (48) , whereas Naamino acid cotransport (ASCT1) activity is decreased by a decrease in the affinity (47) . However, ASBT activity is inhibited by both a decrease in the number of cotransporters as well as a decrease in the affinity (49) . In an acute hamster model of ileitis, ASBT was also reported to be inhibited, but the mechanism of inhibition was not elucidated (40) . Furthermore, studies have shown that, in patients with IBD, bile acid absorption is compromised (15, 21, 28, 31, 39, 42) .
Methylprednisolone (MP), a glucocorticoid, is commonly used to treat IBD or Crohn's disease. MP inhibits many of the major immune pathways (13, 51) . MP and other glucocorticoids have been shown to reverse the inhibition of nutrient and electrolyte malabsorption in animal models of IBD or Crohn's disease (7, 10, 16, 17, 30, 32, 33, 36, 43, 46) . For example, we have demonstrated that SGLT1 (43) , ASCT1 (46) , and the Na-K-ATPase inhibition (43, 46) are reversed by MP in a rabbit model of chronic ileal inflammation. However, how MP may affect ASBT in the chronically inflamed ileum is not known. Therefore, the first aim of this study was to determine whether MP alleviates the inhibition of ASBT during chronic ileal inflammation and to ascertain the cellular mechanisms of this reversal. The second aim was to determine whether MP regulates ASBT differentially in the normal vs. the chronically inflamed ileum and to determine cellular mechanisms of this regulation.
MATERIALS AND METHODS

Ethical approval.
The experiments involving the use of the animals in these studies were approved by the West Virginia University Animal Care Use Committee (WVU ACUC). The regulations overseen by the WVU ACUC are governed by the Federal Food and Drug Administration.
Induction of chronic ileal inflammation. Chronic ileal inflammation was induced in pathogen-free New Zealand white rabbits (1.8 -2.0 kg) by intragastric inoculation with Eimeria magna (ϳ10,000 oocytes per animal) as described previously (49) . A total of 22 animals were confirmed by histology to have chronic ileal inflammation by 14 days after inoculation and were used for the studies. In addition 22 control animals were inoculated with saline.
MP treatment. Both normal rabbits and rabbits with chronically inflamed ileum (13 and 14 days after inoculation) were administered soluble MP sodium succinate (40 mg per day per animal for 2 days) by intramuscular injection. Control animals were treated with physiological saline.
Cell isolation. Animals were euthanized with one dose of 100 mg/kg pentobarbital sodium. It was administered through the ear vein just before cell isolation on day 14 postinoculation. The ileum was then surgically removed and then washed thoroughly with phosphatebuffered saline. Villus cells were isolated from the ileum by a calcium chelation technique as previously described (49) . Previously established villus and crypt cell separation criteria were used (e.g., alkaline phosphatase levels, Na:H exchange activity, cell size, and intracellular pH) to ensure good separation. Viability of the isolated villus cells was determined by trypan blue exclusion (45) . Isolated cells were then used for intact cell uptake studies and for BBM vesicle (BBMV) preparation.
Na-K-ATPase assay. Na-K-ATPase was measured from cell homogenate as previously described (12, 48) . Specific activity was expressed as nanomoles P i released/mg protein per minute.
BBMV preparation. BBMV from rabbit ileal villus cells were prepared by MgCl2 precipitation and differential centrifugations as previously reported (43) . BBMV were resuspended in medium appropriate for each experiment. BBMV purity was assured with marker enzyme enrichment (e.g., alkaline phosphatase).
Uptake studies in villus cells. Cells maintained in short-term culture were washed with Na-free medium containing 4.5 mM KCl, 1.2 mM KH2PO4, 1 mM MgSO4, 1.25 mM CaCl2, 20 mM HEPES, and 130 mM choline chloride and were gassed with 100% 02 (pH 7.4 at 37°C). Following removal of Na, cells were washed and resuspended in reaction medium containing 0.1 mM taurocholate with 20 M 3 Htaurocholate, 4.5 mM KCl, 1.2 mM KH2PO4, 1.0 mM MgSO4, 1.25 mM CaCl2, 20 mM HEPES, and either 130 mM NaCl or choline chloride and were gassed with 100% 02 (pH 7.4 at 37°C). At 2-and 4-min time intervals, 100-l aliquots were removed and uptake was arrested by mixing with 3 ml of ice-cold stop solution (Na-free medium). The mixture was filtered on 0.65-m Millipore (HAWP) filters and washed with ice-cold stop solution. The filter was dissolved in 5 ml of scintillation fluid (Ecoscint; National Diagnostics), and radioactivity was determined in a Beckman 6500 Beta scintillation counter.
BBMV uptake. BBMV uptake was performed by a rapid filtration technique as previously described (49) . Five microliters of BBMV were resuspended in medium containing 100 mM choline chloride, 0.10 mM MgSO4, 50 mM HEPES-Tris (pH 7.5), 50 mM mannitol, and 50 mM KCl and then incubated in 95 l reaction medium that contained 50 mM HEPES-Tris buffer (pH 7.5), 0.1 mM taurocholate with 20 M 3 H-taurocholate, 0.10 mM MgSO4, 50 mM KCl, 50 mM mannitol, and 100 mM of either NaCl or choline chloride. The vesicles were voltage clamped (10 M valinomycin) and pH clamped [100 M carbonyl cyanide 4-(triflouromethoxy)phenylhydrazone]. Time-course studies were performed at desired times. Uptake was arrested by mixing with ice-cold stop solution [50 mM HEPES-Tris buffer (pH 7.5), 0.10 mM MgSO4, 75 mM KCl, and 100 mM choline chloride]. The mixture was filtered on a 0.45-m Millipore (HAWP) filter and washed with 3 ml of ice-cold stop solution. Filters were processed in the same manner as the intact cell uptakes. Kinetics studies were performed at 6 s because uptake of taurocholate was linear for at least 10 s. Iso-osmotic conditions were maintained by adjusting extravesicular mannitol concentrations.
Real-time quantitative PCR. Real-time quantitative PCR (RTQ-PCR) was performed using total RNA using the manufacturer's protocols (Invitrogen). Total RNA was isolated from ileal villus cells using Trizol reagent (Invitrogen). First-strand cDNA was synthesized using oligo (dT) primer, random hexamers, and SuperScript III (Invitrogen). The cDNAs synthesized were used as templates for RTQ-PCR using TaqMan universal PCR master mix according to the manufacturer's protocol (Applied Biosystems). RTQ-PCR was performed in parallel for ASBT and ␤-actin, which was used as an endogenous control. Rabbit ASBT-specific sequence (on the basis of accession number 254357) was amplified using gene-specific primers (forward: 5=-TGGTCAGCCATGGTACAGG-3=, reverse: 5=-GCGG-GAAGGTGAACACATAA-3=) and TaqMan probe (5= FAM-CAGT-TGCTTTGGAAACAGGGATGCAGAAC -TAMRA 3=). ␤-Actinspecific sequences were also amplified using gene-specific primers and TaqMan probe and were run along with the ASBT as an endogenous control. Gene-specific sequences of the rabbit ␤-actin primers (forward: -5=GCTATTTGGCGCTGGACTT 3=, reverse: -5= GCG-GCTCGTAGCTCTTCTC 3=) and TaqMan Probe (5= FAM-AA-GAGATGGCCACGGCCGCGAAC-TAMRA 3=) were used. The expression of ␤-actin was used to normalize the expression levels of ASBT between the individual samples. Final concentrations of primer and probe for both ASBT and ␤-actin were 500 nM and 100 nM, respectively. RTQ-PCR was performed at 95°C for 15 s and 58°C for 1 min and placed into an ABI 7300 RTQ-PCR system according to the manufacturer's protocol. Comparative threshold cycle method was used to compare the expression of ASBT in different conditions. Experiments using various different dilutions of the ASBT and ␤-actin cDNAs were also performed to ensure proper PCR efficiency. RTQ-PCR analyses were performed in triplicate from RNA isolated from three different rabbits.
Western blot. Western blot analysis of apical membranes was performed as described earlier (1, 19) . Samples were dissolved in RIPA buffer (50 mM Tris·HCl pH 7.4, 1% Igepal, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM Na 3VO4, and 1 mM NaF) containing protease inhibitor cocktail (SAFC Biosciences), then mixed with denaturing buffer (100 mM Tris, 25% glycerol, 2% SDS, 0.01% bromphenol blue, 10% 2-ME, pH 6.8), and electrophoresed on a 4 -20% gradient Ready Gel (Bio-Rad Laboratories). The separated proteins were transferred to nylon membrane (Schleicher & Schuell) and probed by the anti-ASBT antibody (1:1,000, rabbit anti-rat ASBT antibody produced by P.A. Dawson's laboratory and used previously, Ref. 6). Goat anti-rabbit second antibody coupled to horseradish peroxidase was used to detect the binding of the anti-ASBT antibody. The resulting chemiluminescence was measured using autoradiography. ASBT abundance was quantitated using a densitometric scanner (Molecular Dynamics).
Protein assay. Proteins were assayed using the RC DC protein assay kit according to manufacturer's protocols (Bio-Rad).
Statistics. Results presented represent means Ϯ SE of experiments performed and calculated using GraphPad Instat program. All uptakes were done in triplicate. Students t-test was performed for statistical analysis and is significant if the P value is Ͻ0.05.
RESULTS
Na-bile acid cotransport in villus cells
. Na-dependent taurocholate uptake was present in villus cells from the normal ileum. MP treatment increased Na-dependent bile acid uptake in villus cells from the normal rabbit ileum. It was significantly reduced in villus cells isolated from chronically inflamed ileum (Fig. 1) . MP treatment reversed the inhibition of ASBT in villus cells from the chronically inflamed ileum. These data indicate that MP treatment stimulates Na-bile acid cotransport in the normal rabbit ileum and reverses the inhibition of ASBT in the chronically inflamed ileum.
Na-K-ATPase activity. Because the Na-bile acid cotransport is dependent on the electrochemical gradient across the BBM that is maintained by the basolateral membrane Na-K-ATPase, we examined the effect of MP on Na-K-ATPase activity (Fig. 2) . MP treatment did not alter Na-K-ATPase activity in villus cells from the normal ileum. MP treatment reversed the inhibition of Na-K-ATPase in villus cells from the chronically inflamed ileum (Pi released was 10.5 ϩ 1.0 nmol mg protein per min in the normal, 11.1 ϩ 1.1 in the normal ϩ MP, 5.2 ϩ 0.4* in the inflamed, and 10.6 ϩ 0.8** in the inflamed ϩ MP; n ϭ 5, *P Ͻ 0.05, **P Ͻ 0.01). These results indicate that the reversal of Na-bile acid cotransport inhibition by MP treatment in the chronically inflamed ileal villus cells may, at least in part, be the result of the restoration of the Na-electrochemical gradient across the BBM. However, the stimulation of Na-bile acid cotransport by MP in the normal ileum is not secondary to an increase in Na-K-ATPase activity.
Na-bile acid cotransport in BBMV. To determine whether MP has a direct effect at the level of the cotransporter on the BBM, we examined ASBT in BBMV prepared from isolated ileal villus cells. MP treatment stimulates ASBT in BBMV from the normal ileum (Fig. 3) . ASBT is significantly reduced in BBMV from the chronically inflamed ileum. MP treatment of rabbits with chronic ileitis restores ASBT in BBMV. These data indicate that MP treatment stimulates Na-bile cotransport Fig. 3 . Effect of MP treatment on ASBT in villus cell brush-border membrane vesicle (BBMV) isolated from the normal and chronically inflamed ileum. Na-dependent taurocholate uptake (pmol/mg of protein) is defined as taurocholate uptake in the presence of extravesicular Na minus that in the absence of Na. Y-axis labeling is the same for A and B. Statistical comparisons are made of uptakes of different conditions for each time point. All uptakes were done in triplicate, and each n represents BBMV preparations from different animals. Statistical comparisons are made of uptakes of different conditions for each time point. A: Na-dependent taurocholate uptake as a function of time in villus cell BBMV from control rabbits. This uptake was significantly increased at all time points measured in villus cell BBMV from MP-treated normal rabbits. B: in villus cell BBMV from the chronically inflamed ileum, Na-dependent taurocholate uptake was significantly reduced. Treatment of rabbits with chronic ileitis with MP almost completely reversed the inhibition of Nadependent taurocholate uptake. Fig. 1 . Effect of methylprednisolone (MP) treatment on (ASBT) in villus cells from the normal and chronically inflamed ileum. Na-dependent taurocholate (tauro) uptake is defined as taurocholate uptake in the presence of extracellular Na minus that in the absence of Na. Y-axis labeling is the same for A and B. Statistical comparisons are made of uptakes of different conditions for each time point. A: Na-dependent bile acid uptake as a function of time in villus cells from control rabbits. This uptake is significantly increased at all time points measured in villus cells from MP-treated normal rabbits. B: in villus cells from the chronically inflamed ileum, Na-dependent taurocholate uptake was significantly inhibited. Treatment of rabbits with chronic ileal inflammation with MP almost completely reversed the inhibition of Na-dependent taurocholate uptake. prot, protein. Fig. 2 . Effect of MP treatment on Na-K-ATPase activity in villus cells from the normal and chronically inflamed ileum. Villus cell Na-K-ATPase activity is expressed as nanomoles of Pi released per milligram protein per minute. MP has no effect on Na-K-ATPase activity in normal villus cells. However, Na-K-ATPase activity inhibition in the chronically inflamed ileum is reversed nearly back to normal levels by MP treatment.
in BBMV from the normal ileum. It also reverses the inhibition of ASBT in BBMV from the chronically inflamed ileum. Thus MP has a direct effect at the level of the cotransporter in the BBM in both the normal ileum and in the chronically inflamed ileum.
Kinetic studies. To determine the mechanism of ASBT stimulation by MP in the normal ileum and the mechanism of the MP-mediated reversal of inhibition of ASBT in the chronically inflamed ileum, kinetic studies were performed. Figure 4 shows that the uptake of Na-dependent bile acid as a function of increasing concentrations of extravesicular taurocholate in villus cell BBMV from the normal rabbits and normal rabbits treated with MP. As the concentration of extravesicular taurocholate was increased, the uptake of Na-dependent taurocholate was stimulated and subsequently became saturated in all conditions (Fig. 4A) . Lineweaver Burk transformation yielded kinetic parameters (Fig. 4B .) The affinity (1/K m ) for taurocholate uptake in the normal rabbit ileum was not altered by MP treatment (K m was 36.4 Ϯ 4.2 M in control and 39.4 Ϯ 4.0 in control ϩ MP, n ϭ 3). However, the maximal rate of uptake (V max ) of taurocholate was significantly increased in normal rabbits treated with MP compared with normal rabbits (V max for taurocholate uptake was 8.68 Ϯ 0.8 nmol/mg protein at 6 s in normal rabbits and 12.69 Ϯ 10 in normal ϩ MP, n ϭ 3, P Ͻ 0.01). These results indicate that the mechanism of ASBT stimulation by MP in the normal ileum is secondary to an increase in the number of cotransporters rather than altered affinity for taurocholate. Figure 5 shows the uptake of Na-dependent bile acid as a function of increasing concentrations of extravesicular taurocholate in villus cell BBMV from chronic ileitis and ileitis rabbits treated with MP. Treatment of rabbits with chronically inflamed ileum with MP reversed the inhibition of Na-bile acid cotransport back to near normal levels. The mechanism of reversal of Na-bile acid cotransport inhibition was the result of both the restoration of maximal rate of uptake of taurocholate (V max for taurocholate uptake in BBMV was 8.68 Ϯ 0.8 nmol/mg protein at 6 s in normal rabbits, 3.66 Ϯ 0.4 nmol/mg protein at 6 s in inflamed, and 8.70 Ϯ 0.7 in inflamed ϩ MP; n ϭ 3, P Ͻ 0.01) as well as restoration of the affinity for taurocholate (K m was 36.4 Ϯ 4.2 M in normal, 56.8 Ϯ 6.0 in inflamed, and 37.0 Ϯ 3.4 in inflamed ϩ MP; n ϭ 3, P Ͻ 0.01). These data indicate that the mechanism of reversal of the inhibition of ASBT by MP during chronic ileitis was secondary 3 H-taurocholate uptake is shown as a function of varying concentrations of extravesicular taurocholate. Isosmolarity was maintained by adjusting the concentration of mannitol. Uptake for all concentrations was determined at 6 s. As the concentration of extravesicular taurocholate was increased, uptake of taurocholate was stimulated and subsequently became saturated in villus cell BBMV in all conditions. B: Lineweaver-Burk plot of these data with Enzfiter yielded kinetic parameters. Lineweaver Burk plot showed that the Km remains constant, whereas the Vmax changes significantly. The maximal rate of uptake of 3 H-taurocholate (Vmax) was stimulated by MP. However, the affinity for 3 H-taurocholate uptake in BBMV was unaffected in the MP-treated ileum. The data shown are an average of 3 experiments, and each uptake was done in triplicate. H-taurocholate uptake is shown as a function of varying concentrations of extravesicular taurocholate. Isosmolarity was maintained by adjusting the concentration of mannitol. Uptake for all concentrations was determined at 6 s. As the concentration of extravesicular taurocholate was increased, uptake of taurocholate was stimulated and subsequently became saturated in villus cell BBMV in all conditions. B: Lineweaver-Burk plot of these data with Enzfiter yielded kinetic parameters. The diminished maximal rate of uptake of 3 H-taurocholate (Vmax) in the chronically inflamed ileum was reversed by MP treatment. Affinity (1/Michaelis constant) for taurocholate uptake, which was significantly diminished during chronic ileitis, was also reversed by MP in chronically inflamed ileum. The data shown are an average of 3 experiments, and each uptake was done in triplicate.
to a restoration in both the affinity for bile acid as well as in cotransporter numbers.
Real-time quantitative PCR. To determine the molecular mechanisms of stimulation of ASBT by MP in the normal ileum and the reversal of ASBT inhibition by MP during chronic ileitis, ASBT mRNA levels were determined by RTQ-PCR. MP treatment increased ASBT mRNA abundance in villus cells from the normal ileum. MP treatment restored ASBT mRNA levels in villus cells from the chronically inflamed ileum (Fig. 6 ). Thus these data indicate that MP treatment increases cotransporter numbers in normal ileum. Furthermore, in the chronically inflamed ileum, MP restores the numbers of Na-bile acid cotransporters.
Western blot. Because mRNA levels may not necessarily correlate with functional protein on the BBM, Western blot analysis was performed. MP treatment increased immunoreactive ASBT levels in villus cell BBM from the normal ileum. Furthermore, MP treatment restored immunoreactive ASBT levels in villus cell BBM from the chronically inflamed ileum as shown in Fig. 7 . These data indicate that MP treatment reverses the reduction in the number of cotransporters back to normal levels in the chronically inflamed ileum, whereas it increases the number of cotransporters in the normal ileum.
DISCUSSION
This study demonstrates that glucocorticoids (MP) stimulate ASBT in the normal ileum. Furthermore, it demonstrates that MP reverses the inhibition of ASBT during chronic ileitis. However, the MP-mediated mechanisms of regulation of ASBT in the normal and chronically inflamed ileum are novel and different. MP stimulates ASBT in the normal ileum by increasing the synthesis of cotransporter numbers in the villus cell BBM. In contrast, it reverses the inhibition of ASBT by restoring both the affinity for bile acid as well as BBM cotransporter numbers in the chronically inflamed ileum.
Bile acids are important for the assimilation of fat and fat-soluble vitamins. Bile acids are primarily absorbed in the distal ileum by ASBT (14, 37, 50) . Stimulation of ASBT has been reported in the normal ileum. For example, glucocorticoids (18), vitamin D (5), and cholic acid (41) have been shown to increase ASBT. However, the cellular and molecular mechanisms of regulation were not completely delineated in these studies.
This study demonstrates that MP stimulates ASBT in rabbit ileal villus cells. At the cellular level, the mechanism of stimulation of ASBT is not secondary to altered Na-extruding capacity of the cell. Rather, MP appears to exert a direct effect at the level of the cotransporter on the BBM of villus cells. Because MP increases the mRNA levels of ASBT as well as the immunoreactive protein levels of ASBT in the BBM of villus cells, the likely mechanism of stimulation of ASBT in villus cells in the normal ileum is secondary to increased number of cotransporters. Indeed, other studies have also concluded that, in the normal intestine, MP may regulate Na-solute cotransport and electrolyte transport pathways directly (16, 17, 27, 32, 36) . However, glucocorticoids do not indiscriminately stimulate all Na-solute cotransport processes. For example, we have demonstrated that ASCT1 is enhanced by MP treatment in normal villus cells, whereas SGLT1 is unaffected (46) . Alternatively, glucocorticoids may upregulate cotransporters such as ASBT by facilitating the normal development of the intestinal mucosa (2) .
Stimulation of ASBT via an increase in the number of cotransporters by glucocorticoids may occur by several mechanisms in the normal ileum. This upregulation of cotransporter numbers may be mediated by activation of the ASBT promoter by glucocorticoid-responsive elements (18) . Glucocorticoids may increase ASBT levels by exerting effects on the farnesoid X receptor-short heterodimer partner-fetoprotein transcription factor (FXR-SHP-FTF) cascade, which is a bile acid feedback mechanism. Glucocorticoids share regulatory pathways associated with FXR-SHP-FTF cascade to exert effects on Nataurocholate cotransporting peptide in hepatocytes. Although there is no direct evidence, it is possible that the bile acid feedback mechanisms of ASBT may also share regulatory pathways that may be affected by glucocorticoids in the ileum (11, 22) . Glucocorticoids might also bind to the nuclear glucocorticoid receptor in the ASBT promotor, which has been shown to upregulate Na-bile acid cotransporters in the normal rat ileum (11, 18) . Thus, although there is some understanding of the mechanism of regulation of ASBT by MP in the normal ileum, how MP may regulate ASBT in pathological states of the ileum is not well understood.
Human IBD is characterized by chronic inflammation in the gastrointestinal tract, most commonly in the terminal ileum. Although malabsorption of electrolytes and water has been well documented in IBD, until recently the alterations that occur in Na-nutrient cotransport processes had not been investigated at the cellular level. During chronic intestinal inflammation these cotransport processes are inhibited because of a decrease in the Na-K-ATPase activity on the BLM of villus cells because this enzyme maintains the favorable electrochemical gradient necessary for Na-nutrient cotransport. Several Na-solute cotransporters are inhibited at the level of the cotransporter in the BBM as well. However, each of these cotransporters is uniquely altered during chronic ileitis at the transporter level (47) (48) (49) . SGLT1 was inhibited by a decrease in the number of cotransporters without a change in the affinity for glucose in the chronically inflamed ileum (48) . In contrast, ASCT1 was inhibited by a reduction in the affinity for the amino acid without a change in the number of cotransporters during chronic ileitis (47) . Unlike these two Na-solute cotransport processes, ASBT was inhibited by both a decrease in the affinity for the bile acid as well as in cotransporter numbers in the chronically inflamed ileum (49) . Because a variety of immune-inflammatory mediators are increased in the chronically inflamed ileum, it is hypothesized that different immuneinflammatory mediators may differentially regulate these three cotransport pathways in the chronically inflamed ileum (44) . Previous studies have shown that there are increases in many of the cytokines and inflammatory mediators produced in the rabbit model of chronic ileal inflammation, which is similar to what is found in patients with IBD (44, 45) . In addition, MP does not significantly change the architecture of the chronically inflamed intestine in these animals, which indicates an effect of MP on the inflammatory mediators, which may affect the cotransporters (43) .
Glucocorticoids may act as a broad-spectrum immune modulator and decrease the levels of immune inflammatory mediators. If steroids inhibit the immune inflammatory mediator responsible for ASBT inhibition, then it should alleviate the inhibition in ASBT by the same mechanism that produced the inhibition during chronic ileitis. We have shown that glucocorticoids can reverse the inhibition of SGLT1 and ASCT1 in the chronically inflamed intestine. Indeed MP reverses the inhibition of SGLT1 and ASCT1 by reversing the same mechanisms (43, 46) that caused the inhibition. In the case of SGLT1, MP reversed the inhibition by restoring the diminished cotransporter numbers. In the case of ASCT1, MP reversed the inhibition by reversing the altered affinity. These observations support the hypothesis that, rather than having a direct effect on the cotransporter, MP simply blocks the yet to be determined immune mediator in the chronically inflamed intestine that caused the unique cotransporter alterations.
At the cellular level, MP treatment reversed the inhibition of ASBT activity attributable to a reversal of diminished Na-KATPase activity as well as reversal of cotransporter inhibition in the BBM. However, at the cotransporter level, MP reversed the inhibition by reversing the precise mechanism that caused the specific inhibition of ASBT in the chronically inflamed intestine. ASBT is diminished in the chronically inflamed ileum by both a decrease in the affinity of cotransporter for its substrate as well as a decrease in the number of cotransporters on the BBM. However, the mechanism for the complete reversal of transporter numbers may not only be secondary to an increase in transcription but also an increase in trafficking to the membrane. Trafficking may be a part of the restoration because mRNA levels are not completely restored with MP treatment even though the numbers of ASBT proteins are restored. MP treatment reversed ASBT inhibition by restoring the affinity and the cotransporter numbers nearly back to normal levels. Thus MP likely reversed the inhibition of ASBT by inhibiting the inflammatory mediator(s) that affected ASBT in the chronically inflamed ileum.
As previously noted, although the ASBT promoter and the steroid-dependent transcription factors may regulate ASBT in the normal ileum, how ASBT is regulated in IBD is presently unknown because, other than this study, ASBT has not been studied during chronic ileal inflammation. Certain cis binding sites such as activator protein (AP)-1 or AP-2 motifs are located in the promotor region of some transport proteins that may bind to proinflammatory transcription factors during inflammation (4, 9, 23, 24, 54) . By this mechanism the upregulated inflammatory mediators during inflammation may downregulate Na-solute cotransporters such as ASBT (26) . This may occur to ASBT in this rabbit model of chronic ileitis.
In summary, Na-bile acid cotransport is differentially regulated by glucocorticoids. In the normal rabbit ileum, glucocorticoids stimulate ASBT by increasing the numbers of cotransporters on the BBM. The increased numbers of transporters are likely the result of increased rates of transcription and protein synthesis. Glucocorticoids reverse the inhibition of ASBT during chronic ileal inflammation. ASBT inhibition is alleviated to normal levels by restoring the numbers of cotransporters as well as restoring the affinity of the cotransporter. It is likely that this reversal may be secondary to a reduction in the levels of inflammatory mediators released during chronic ileal inflammation, which produced the ASBT inhibition. Thus these studies demonstrate that glucocorticoids differently regulate ASBT in the normal and in the chronically inflamed ileum.
